and other properties have been performed. SmAl, (BO,), crystals are grown and tested. Yb doped YAB crystals are also grown. The surface morphology and spectrum of YbYAB crystal revealed that the crystal may be a good self-frequency doubling crystal and have the potential applications for LD pumped lasers.
phase-match non-critically for any wavelengths in its broad transmission range. These features provide the possibility of single-resonant oscillation at threshold powers compatible with those available from cw pump lasers. In the case of synchronously-pumped optical parametric oscillation (SPOPO) threshold can be reached with a significantly lower average pump power, since the parametric gain is determined by the peak power. For example, a SPOPO based on LBO has shown a threshold pump power (average) of -70 mW.' Material dispersion becomes an important consideration in the context of short pulse operation (picoseconds or less) as involved in synchronously-pumped OPOs. Lithium niobate has a significantly larger dispersion than LBO, thus imposing a more stringent restriction on crystal length than is the case for LBO. Nevertheless, the much larger nonlinearity of PPLN more than compensates for this length restriction, so that in practice PPLN proves to be a very attractive material for a SPOPO. In this paper we describe the performance of SPOPOs based on PPLN pumped by a modelocked Nd:YLF laser (1.047 pm)2 and by a tunable mode-locked Ti:sapphire laser, both operating in the picosecond regime. The 1.047 pm pumped PPLN device shows clear advantages over devices based on LBO. A notable advantage is the ability to achieve phase-matching for direct pumping with the fundamental wavelength of the Nd:YLF laser, whereas in the case of LBO phase-matching requirements made it necessary to pump with the second harmonic of the Nd:YLF laser, thus involving added complexity. Secondly, the PPLN device offers tunability to longer wavelengths, beyond 4 pm, compared with LBO where the IR absorption edge limits operation to -2.6 +m in the case of LBO. Thirdly, very low thresholds of -7.5 mW average pump power have been achieved for a 20 mm long PPLN device, around an order of magnitude lower than the best results obtained with LBO.
Similar low thresholds have also been obtained with a Ti:sapphire-pumped SPOPO, using a somewhat shorter PPLN crystal (mm) on account of the increased dispersion for the shorter (-0.8 km) pump wavelength. High slope efficiencies are achieved (>40%) with both devices.
A detailed discussion of the operating characteristics of these SPOPO devices will be given, with indications of how further improvements might be made. 4 In the previous paper we reported some basic properties of p-PD-grown KLN single crystals., In this paper, we report the controllability of phase-matching property of KLN fiber by starting-melt composition and pulling-down rate.
A conventional p-PD apparatus? was used to grow KLN fibers. K'CO,, Li,CO,, and Nb,O, were mixed with the ratio of KLi:Nb = x:y:z in the region of 29 < x < 31, 18 < y < 23, and 47 < z < 52 so as to be x + y + z = 100. The mixture was sintered and melt-charged to a Pt crucible. Single crystal fibers were pulleddown along the a-axis. The pulling-down rate was gradually changed from 15 to 100 mm/h during the crystal growth. The phase-matching wavelength was measured by using a cw:Ti/sapphire laser with the wavelength between 780 and 920 nm at room temperature. Figure 1 shows the variation of phasematching wavelength as a function of pulling-down rate. Each symbol indicates the result of a crystal grown from different starting-melt composition. In the case of Fig. 1, K ratio, x, in the starting-melt was fixed to be 30, and y:z was changed from 18:52 to 23:47. The phase-matching wavelength becomes shorter with the increase of pulling-down rate. 50 show phase-matching wavelength of 815, 852 and 875 nm, respectively. As the result, SHG phase-matching is achieved from 800 to 920 nm by controlling the starting-melt composition and the pulling-down rate, i.e., second-harmonic blue laser with wavelength from 400 to 460 nm can be generated. Spectral acceptance is estimated to be 0.09 nm . cm. SHG conversion efficiency attains 0.03% / W, which corresponds to 15% of theoretical value.
In conclusion, phase matching property of +-PD-grown KLN single crystal was controlled by starting-melt composition and pulling-down rate. SHG phase-matching was achieved from 800 to 920 nm and second-harmonic blue laser with wavelength from 400 to 460 nm was generated. 
